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FOREWORD 

This report was prepared by E. A. Alluisi,  T. J.  Hall, and G.  R.  Hawkes of the 
Lockheed-Georgia Company and by W. D. Chiles of the 6570th Aerospace Medical Re- 
search Laboratories.    The research reported here was begun in December 1961 and was 
completed at the end of November 1962. 

The two studies described in the report were conducted in the Human Factors Re- 
search Laboratory,  Office of the Director of Research,   Lockheed-Georgia Company, 
under the direction of Dr.  Earl A. Alluisi,  Project Director,  with the assistance of 
Thomas J.  Hall,  Glenn R.  Hawkes,   George D.  Hayes,  James N.  Howard,  H.  Douglas 
Meyers,  William J.  Sonenshine,  and Herman E.  Williams. 

The work was supported by the Behavioral Sciences Laboratory,  6570th Aerospace 
Medical Research Laboratories,  Aerospace Medical  Division,  Air Force Systems Command, 
under Contract No. AF33(616)-7607-M4,  Project No.  1710,  "Training Personnel and 
Psychological Stress Aspects of Bioastronautics, " and Task No.   171002,   "Performance 
Effects of Environmental Stress."   Dr. W.  Dean Chiles,  Assistant Chief,  Training Research 
Division, served as task scientist and consultant. 

The assistance of a number of persons, whose services were obtained to supplement 
the laboratory staff especially during the data-collection and monitoring phases of the 
experimentation,   is gratefully acknowledged.    Included among these extra workers at the 
experimenter's station were about twenty undergraduate and graduate students of psychol- 
ogy from the Georgia Institute of Technology,  the University of Georgia,   Emory Univer- 
sity,   Georgia State College,  and Kansas State University.    Although it would not be 
practical to list all their names here, these students performed their assigned tasks with 
the responsibility,  intelligence, and maturity that clearly credits their institutions.    Mr. 
F.  P.  Carter of the Slater System provided outstanding food servicing to an extent, and 
of a quality seldom experienced for prolonged periods; to him, and to the other personnel 
of the Slater System, both the experimenters and the subjects wish to have their gratitude 
expressed.    Finally,   the authors wish to thank Dr.  Oscar S.  Adams,  Operations Research 
Division,   Lockheed-Georgia Company,  for his substantial contributions to every phase of 
the research. 



ABSTRACT 

Six Air Force Academy cadets were confined for 15 days in a simulated advanced- 
system crew compartment while following a schedule of 4-hours on duty and 2-hours off, 
and two 5-man crews of USAF pilots were confined for 30 days while alternating shifts 
on a schedule of 4-hours on duty and 4-hours off.    While on duty the operators were 
tested with a battery of 6 performance tasks, 2 of which required interactions among 
crewmembers in the form of exchanges of information,  cooperation,  and temporal coordi- 
nation.    In addition, the data of the present studies were compared with those of two 
previous 15-day tests of two crews who worked the 4-2 schedule while being tested with 
a battery of 5 individual-performance tasks. 

The data suggest that with proper control of selection and motivational factors, 
crews can work effectively for periods of at least 2 weeks and probably longer using a 
schedule of 4-hours on duty and 2-hours off.    Crews can work even more effectively for 
periods of at least a month and quite probably for 2 or 3 months using a schedule of 
4-hours on duty and 4-hours off, and with this schedule less demanding controls of se- 
lection and motivational factors are required. 

PUBLICATION REVIEW 
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WALTER F.  GRETHER 
Technical Director 
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HUMAN GROUP PERFORMANCE DURING CONFINEMENT 

INTRODUCTION 

An important factor to be considered in planning for a multiple-man space-vehicle 
system is the extent to which the mission will be affected by the crew's ability to perform 
under unusual and potentially stressful work-environment conditions.   A crew will prob- 
ably consist of a small number of men who will be confined to their vehicle for periods of 
several weeks or months.   The crew compartment will be severely limited in volume to 
avoid prohibitively high requirements for rocket power.    These few crewmembers will 
have to maintain high-level, around-the-clock system performance; to achieve this level 
of system performance without increasing the crew size to unacceptable limits, optimum 
scheduling of work and rest will be necessary.    An ideal schedule would maximize the 
working period efficiently, while creating neither deleterious physiological effects nor 
decrements in performance.   Similar requirements for high-level, around-the-clock, 
alert performance and optimum work scheduling exist in other advanced systems — indeed, 
even in some earthbound systems where logistical considerations dictate that the number 
of crewmembers assigned per operator position be minimized insofar as practicable (e.g., 
DEW Line and BMEWS sites). 

During the past several years, the Lockheed-Georgia Company has developed 
special laboratory facilities and conducted a number of studies of both individual and 
crew performance under the contractual support and scientific monitoring of the 6570th 
Aerospace Medical Research Laboratories.    In the earliest experimental study (reported 
in detail by Adams and Chiles, ref. 2),  the performance of 16 subjects was measured 
over a period of 96 hours on four different duty-period and rest-period schedules (2 hours 
of work and 2 hours of rest, 4 work and 4 rest, 6 and 6, and 8 and 8).    The results of the 
study suggested that for both active tasks (mental arithmetic and pattern perception) and 
passive tasks (monitoring and vigilance), the 2-hour and 4-hour shifts were superior to 
the others, particularly on the bases of subject preference and over-all indices of subject 
adjustment io the test periods.    It was evident that the subjects could work at the tasks 
assigned with maintained efficiency for 12 hours per day over periods at least as long as 
96 hours. 

Two additional 96-hour experiments followed the initial study in order to examine 
greater proportions of time at work.    In one of these the subjects followed a schedule of 
4 hours of work and 2 hours of rest, and in the other they followed a schedule of 6 hours 
of work and 2 hours of rest.    Both of these studies have been reported in full elsewhere 
(Appendix I of Adams and Chiles, ref. 3).    The performance data obtained in these 
studies did not show that either schedule was superior, but evidence obtained from ques- 
tionnaires completed by the subjects suggested that severe decrements in performance 
would probably have resulted from prolongation of the 6-2 schedule beyond the 96 hours 
of testing.    For example, the subjects on the 6-2 schedule averaged less than 4 hours of 
sleep per day, whereas those on the 4-2 schedule averaged 5.5 or more hours of sleep 
per day.    Unless the conditions of space flight reduce sleep requirements (a possibility 
not yet demonstrated), 4 hours of sleep per day are considered to be inadequate over pro- 
longed periods of time (cf. Ray, Martin, and Alluisi, ref. 6). 

These 4-day experiments were followed by a long-term investigation,   "Operation 
360, " in which two crews of operational personnel were separately confined to a rela- 
tively small (1100 cubic feet) crew compartment and tested on a 4-2 schedule over 15- 
day periods (Adams and Chiles, ref. 3).    During this period the subjects had no commun- 
iccMons with the "outside world, " and communications with the experimenters were 



limited to intercom messages of direct relevance to the "mission. "   The 4-2 schedule was 
selected because it showed promise of being the most efficient and practicable of the 
schedules previously studied.   When working such a schedule, three men with appropriate 
cross-training can operate two positions continuously.    The 15-day period of confinement 
was selected because such a length of time extends beyond the point at which individuals 
can be expected to compensate by extra effort for serious degrees of fatigue-induced de- 
terioration; also,  the choice was influenced by the belief that the subjects would con- 
sider 15 days to be a long time — and, therefore, not a trivial experience — if the situ- 
ation were to have proved to be unpleasant.    Practical considerations of economy, 
equipment reliability, and maintenance (at the time the study was conducted) also acted 
to preclude the use of a longer period of confinement. 

Well marked diurnal rhythms were evidenced in the levels of both performance 
efficiency and autonomic activation; these hourly variations equaled or exceeded the 
variations between daily means in most cases.    Subsequently a control study was carried 
out in which 10 college students worked 4 hours per day for 5 consecutive days per week 
over a 6-week period.    The trends in performance of the confined subjects as compared 
with the control group led to the conclusion that with a minimum of selection subjects 
could be found whose motivation and abilities would lead to acceptable levels of per- 
formance on a schedule of 4-hours work and 2-hours rest for periods at least as long as 
15 days. 

These data were encouraging, but they evidenced two shortcomings.    First,  they 
suffered from being based entirely on individual,  as compared with group-dependent 
performance.    Second,   they apply specifically to missions of durations no greater than 
15 days.    It was in order to collect data not subject to these restrictions that the research 
reported here was conducted. 

Two group-performance tasks were devised to provide quantitative data relative to 
group-dependent performances; these tasks were then tested (Alluisi,  Hall, and Chiles, 
ref. 5), and some modifications and improvements made in them before use in the present 
studies.    In each of these two tasks, successful performance requires interactions among 
crewmembers in the form of exchanges of information,  cooperation, and coordination. 
One of the tasks,   "code-lock solving, " stresses temporal coordination.    The other group- 
performance task is an elaboration of an individual task of "target identification."   This 
task, which is highly dependent on individual levels of proficiency,  requires the filter- 
ing of visual information from simulated "noisy" displays of sensed targets.    Both tasks 
require whole-crew participation and interaction for successful performance, and both 
provide quantitative indices of crew performance.    They are described in detail in a 
later section of this report. 

Two experimental investigations have been completed and are described here.    In 
the first,  "HOPE-II, " a 6-man crew worked for 15 days using the 4-2 schedule; thus, the 
data of this study can be compared in some respects with those of the previous 15-day 
experiment,  "Operation 360" (Adamsand Chiles, ref. 3), in which only individual per- 
formance tasks were used.    In the second study,  "HOPE-lli, " two 5-man crews were 
tested over a 30-day confinement period; the crews worked a less demanding schedule of 
4-hours on duty and 4-hours off in alternate shifts throughout the 30 days.    In addition, 
in order to avoid the typical "end effect" that has appeared as a "spurt" in performance 
during the last two or three days of many long-term confinement studies,  the subjects in 
the 30-day study were led to expect a 40-day confinement.    They did not know that the 
study was to end short of the 40-day period until the mockup door was opened at the end 
of the 30th day and they were addressed by the task scientist. 



The data obtained under the conditions of this false expectation can be projected 
to periods of performance beyond 30 days more validly than would have been the case had 
the subjects known that the study would end at 30 days.    In addition to precluding the 
anticipated "end spurt" or "end effect, " the 40-day duration of expected confinement 
meant that the subjects would feel there was still a long time to go right up to the end of 
the study.    In other words,  "sticking it out" would thereby be a factor right up to the end 
of the study.   Any difficulties that might have occurred during the 31st through the 40th 
days could be inferred to be chance phenomena if no problems had developed with the 
subjects during 30 days of confinement.    This same conclusion was apparently reached 
independently by the subjects, for all of them informally agreed with it in unsolicited 
statements at the end of the study; they reported that in their opinions nothing would 
have been gained by them (beyond that of which they had already been convinced) by 
extension of the study to an actual 40-day period of confinement. 

Questions of logistical and environmental support were not being investigated in 
this or in the previous studies of this series.   All of these studies have been predicated on 
the assumption that those scientists who have responsibility for such support areas will be 
successful in achieving their goals,  and that they will then be able to simulate or provide 
in space the same sort of relatively comfortable and life-sustaining environment used here. 

METHOD 

SUBJECTS 

The subject sample for the 15-day study,  HOPE-II,   consisted of six Air Force 
Academy Cadets who volunteered to serve in the tests.   These subjects, all of whom were 
physically qualified for flight training,  were selected from among approximately 75 vol- 
unteers; all volunteers understood that participation in the study would eliminate 20 days 
of their annual 30-day period of leave.    The six subjects ranged in age from 19 to 22 
years,  with a median age of 21; one of the six celebrated his 21st birthday while con- 
fined during the study.   On entering the mockup, the subjects ranged in weights between 
138 and 178 pounds, with a median of 159 pounds; one subject lost 3 pounds during con- 
finement,  but all others gained weight so that the terminal weights ranged from 144 to 
185, with a median of 162 pounds. 

The subject sample for the 30-day study,  HOPE-lll,  consisted of 10 Air Force offi- 
cers who volunteered to serve in the tests.    The 10, all of whom were rated Air Force 
Pilots, were selected from among 36 volunteers of the Air Training Command, Under- 
graduate Pilot Training Class 62-H.   The criteria used ir selecting the subjects from 
among the volunteers were,  in broad outline, those used in the selection of Project Mer- 
cury Astronauts.    The selection was made by personnel of the Air Surgeon's staff at Head- 
quarters, Air Training Command.    One crew of five men had been in training together at 
Reese AF Base, Texas, whereas the other crew had been in pilot training together at 
Vance AF Base, Oklahoma.    The two crews were comparable in all other respects.    The 
10 subjects ranged in age from 23 to 26 years, with a median of 24; 2 subjects, one in 
ecch of the HOPE-lll crews, celebrated their 24th birthdays while confined.   On enter- 
ing the mockup, the subjects ranged in weight between 158 and 204 pounds, with a med- 
ian of 190 pounds; most subjects actively dieted during confinement, and as a result six 
lost weight, two remained constant, and only two gained weight.    The terminal weights 
ranged from 165 to 198, with a median of 188 pounds. 



TEST FACILITY 

Subjects were tested in an advanced-system crew-compartment mockup consisting 
of three sections:   a 5-slation work area, a leisure area, and a sleeping area.   The total 
volume is approximately 1100 cubic feet, half of which is devoted to the work-station 
and leisure areas, and half to the sleeping area (a detailed description of the work- 
station and leisure areas is reported in ref.  1). 

While on duty,  each subject occupied an assigned position in the work station area. 
During off-duty hours subjects were restricted to the leisure area and the adjacent 6-bunk 
sleeping area.   The work-station and leisure areas were adequately illuminated at all 
times.    The sleeping area was maintained in a semi-darkened condition,  the sole illumi- 
nation being provided by two low-intensity light sources located at floor level.    A system 
of small speakers located at different points throughout the mockup was used to present 
broad-band noise continuously at a constant level of about 85 decibels (Sound Pressure 
Level) in the work-station and leisure areas and about 70 decibels (SPL) in the sleeping 
area.    The noise was used for purposes of realistic simulation and to mask all extraneous 
outside sounds.    Audiograms,  taken on all subjects before and after their 15- or 3G-day 
exposures,  revealed no evidence of hearing losses attributable to these experiments. 

PERFORMANCE AND PSYCHOPHYSIOLOGICAL MEASURES 

Major Performance Tasks — A battery of six tasks designed to test both individual 
and small group performance provided the principal behavioral measures in this study.  The 
tasks were displayed on each of five performance panels (one at each operator station). 
The face of one of these panels is shown in figure 1.    Four of these tasks were selected 

Figure 1.    Front view of the performance-task panel, 

initially on the basis of an analysis of individual operator requirements for long-range, 
long-endurance weapon systems (cf. Adams,  ref.  1).   They have been modified slightly 
during the several years of use, and the two group-performance tasks have been added 
recently.   All tasks show very high reliabilities (see Alluisi,  Hall, and Chiles,  ref. 5) 
and have done so since their earliest use (see Adams, Levine, and Chiles, ref. 4).   The 
four individual tasks are arithmetic computation, probability monitoring, warning-lights 
monitoring, and auditory vigilance.   The two group-performance tasks are code-lock 



solving* and target identification.   Only the target identification task will be described 
in detail here since it was introduced for the first time (in its present form) in these stud- 
ies; the other tasks have been retained essentially as described fully in previous reports 
(refs. 2, 3, and 5). 

At the lower left corner of each performance panel (see figure 1), there was a 4- 
inch square, 6x6 matrix of 36 lights.   Various combinations of these lights could be 
illuminated to present patterns that gave the appearance of vertically oriented, solid 
bargraphs.   The population of possible figures was constrained by the rule that each of 
the six possible column heights appeared once and only once in any given figure.   Thus, 
the total number of different possible figures was 6!, or 720.    Of this number, 240 fig- 
ures were drawn at random to serve as the standard "target images. "   Comparison images 
were drawn at random from the same population. 

The task was presented to the subject in the following manner.    First, one of the 
target images appeared for a period of 5 seconds followed by a 5-second off period. 
Then a comparison image was presented for 2 seconds followed by a 2-second off period. 
Next a second comparison image was presented for 2 seconds.    This was followed by a 
14-second response period during which the subject was required to indicate whether the 
first,  the second, or neither comparison image was the same as the target image. 

The 240 target images were arranged in the same order on each of 15 punched 
tapes, but the correct answer associated with a given target image (first, second, or 
neither) was random and different on each tape.    Also,  different comparison images 
were used on each tape for presentations of those images that were not the same as the 
target image.   Within each subgroup of 60 problems (i.e.,  the first, second, third, and 
fourth quarters of each tape of 240 target images and 480 comparison images) the correct 
solutions were equally divided among the three response categories (20 each first,  second, 
and neitfier). 

The task was complicated further by the introduction of random distortions of the 
comparison images.    Although the target image was undistorted,  each of the comparison 
images was perturbed with visual "noise" that was generated through use of a secondary 
noise program — a program that was separate and distinct from the basic punched tape 
program used to generate the target and the comparison images.    This secondary program 
was designed to operate so that the instruction sent by the basic program to any given 
light on a given subject's display could be reversed.    For example, assume that the 
secondary program designated a given light to be perturbed (i.e., to be noisy) on c 
given presentation.    If the basic program were to instruct that light to be lit on that 
trial,  the secondary program would prevent the light from coming on; if the basic program 
were to instruct the light to be off,  the secondary program would turn it on. 

Six different levels of visual noise were used by perturbing 3, 4, 5, 6, 8, or 10 
lights on the display at a given operator position.    The number of noisy lights at a given 
position remained constant for a 24-hour period, but the specific lights that were noisy 
varied randomly from problem to problem throughout the study.    In HOPE-II, the levels 

*The code-lock task requires the subjects to discover the correct sequence in which 
each of five buttons (one at each operator position) has to be pushed to illuminate 
a green light and to do this as quickly as possible without neglecting other duties. 
Since only four men were on duty at any given time in HOPE-II, the task was modi- 
fied for that study by providing a second code-lock button to one of the four subjects 
on duty.    Thus each of the three subjects who operated "alpha" and "bravo" positions 
in HOPE-II was required from time to time to operate two buttons on the code-lock 
task. 



of visual noise were arranged so that two of the four crewmembers on duty at a given time 
would be exposed to a high-noise level and the other two would be exposed to a low- 
noise level.    During the first 5 days of the study, 3 of the lights (16.7%) were noisy for 
the low-noise condition and 6 (33.3%) for the high condition.    During the second 5-day 
block, the noise levels were 27.8% (5 lights) and 55.6% (10 lights).    During the final 
5 days,  the noise levels were 33.3% and 44.4% (8 lights). 

In HOPE-III,  3 members of the 5-man crew on duty received a high-noise condition 
and the remaining 2 received a low condition.    The actual noise levels employed during 
the 5-day blocks of testing were as follows:    block-1, 22.2% and 33.3%;    block-2, 
27.8% and 44.4%;    block-3, 33.3% and 44.4%;    blocks-4, -5, and-6 replicated 
blocks-1, -2, and-3, respectively.   The assignment of noise levels to crew positions 
within each 5-day block was varied systematically so that a given subject would not be 
assigned a low-noise level two days in a row, and would be confronted with a high-noise 
level no more than 2 days in a row. 

The group aspect of the task was introduced by presenting each subject's decision 
to the crew commander on an auxiliary display.    The commander was then required to 
enter a final decision based on the responses made by each operator (including himself); 
this final decision as to whether first, second, or neither comparison image was the same 
as the target image was defined as a command responsibility.    The choice made by the 
crew commander in this was displayed to each subject by the illumination of one of three 
green cue lights on each operator panel.    Immediately before the programmer moved on 
to the next problem, one of three blue lights was illuminated on the crew commander's 
auxiliary panel to indicate the correct answer to the problem.    The commander was free 
to inform the crew,   if he so chose, of the correct answer to the problem or the correctness 
of the final decision; from this information, each crewmember could infer whether or not 
his individual answer was correct. 

Since this task had not been used previously,  decisions with respect to the noise 
levels to be used had to be reached on the basis of less extensive pilot experimentation. 
One single value could have been selected for the low-noise level (and one for the high), 
and this could have been used throughout HOPE-!!.    However,  had this been done, and 
had the choice been an unfortunate one (and this could have occurred because the pilot 
experiments necessarily involved less practice on the task than provided during the full 
course of confinement),  it was possible that meaningful data would not be obtained con- 
cerning the effects of duration of confinement nor about the nature of the task itself.    On 
the other hand, the study of target-identification performance over the total duration of 
confinement could be partially sacrificed in favor of the use of several different levels of 
high and low noise — a technique that would be more likely to yield information about 
the task, but information about performance changes only within the 5-day blocks of con- 
finement.   HOPE-III followed too closely on the heels of HOPE-II to permit detailed data 
analyses that were adequate to select fixed noise levels for the later study.    Tlius it was 
that the noise levels were varied over the 5-day blocks of both studies as described above. 

Subject Logs — Each subject was provided with a log book in which he was asked to 
record throughout the study comments pertinent to his reactions, feelings, etc.   In addi- 
tion, the subjects in HOPE-II were instructed to include a specific type of comment dur- 
ing each 2-hour work period.    The instructions concerning these special comments were 
approximately as follows:   "Think of a possible problem that might be encountered in an 
aerospace vehicle mission.    Devise some solution to that problem, and enter both the 
problem and the solution in the lower half of each page in your log.    You should enter 
one such problem and solution on each page,  i.e., one for each 2-hour period of the 
study."   Inspection of the "problem-solution" comments made by HOPE-II led to the 
elimination of this requirement for HOPE-III. 



Psychophysiological Measures - Two psychophysiological measures were selected 
for use in each of the two experiments.   One measure was pulse rate, and the other was 
axillary temperature.    Both measures were taken by each subject on himself, and the 
self-determined measures were recorded by the subject on the appropriate page of his 
own log.   In HOPE-II, each subject was required to enter the measures on himself on 
each page of the log:   i.e., for each 2-hour period of testing.   He was required to take 
the measures within 15 minutes of the even hours of the day.    In HOPE-lli the same re- 
quirements held, except that no subject was required to interrupt his sleep in order to 
obtain or record this information (in HOPE-MI the subjects had 4-hour off-duty periods, 
whereas they had only 2-hour off-duty periods in HOPE-II).    The temperature and pulse 
records were kept faithfully by all subjects in complete accord with their instructions. 

GENERAL PROCEDURE 

The 6 subjects comprising the HOPE-II crew were tested on an around-the-clock 
schedule of 4 hours of duty and 2 hours of rest for a period of 15 days.    For example, on 
a typical day, subjects 1, 3, 4, and 6 would be on duty from 0800 to 1000 hours, and 
subjects 2 and 5 would be off duty.   At 1000 hours, subjects 3 and 6 would be replaced 
by subjects 2 and 5,  and at 1200 hours subjects 3 and 6 would return to duty to replace 
subjects 1 and 4.   With the 6-man crew used,  this schedule made it possible to keep four 
work stations occupied continuously except for a very brief time (less than a minute) dur- 
ing which the replacements took place.    At the end of the 15 days,  each subject had 
accumulated a total of 240 hours of work in HOPE-II. 

The 10 subjects comprising the HOPE-III crews were tested on an around-the-clock 
schedule of 4 hours of duty and 4 hours of rest for a period of 30 days.   These subjects 
were organized into two crews of 5 men each, and the crews worked alternating 4-hour 
shifts.    For example, on a typical day,  ABLE crew (consisting of subjects 1, 3, 5, 7, 
and 9) would be on duty from 0800 to 1200 hours, and BAKER crew (consisting of subjects 
2, 4, 6, 8 and 10) would be off duty.   At 1200 hours,  BAKER crew would replace ABLE, 
and would remain on duty until relieved at 1600 hours.    Thus, all five work stations in 
the mockup were occupied continuously except for the brief interval of time required for 
the change of crews.   At the end of the 30-day testing period,  each of the 10 subjects 
had accumulated a total of 360 hours of work in HOPE-III. 

TASK PROGRAM 

While on duty,  the subjects in both experiments worked according to a basic 2-hour 
task program.    This program, which included scheduled periods that placed low,  inter- 
mediate, and high demands on performance, was designed to be as  compatible as possible 
with the programs previously used (cf. refs. 2, 3, and 5).    The program is shown in table 
1; it was repeated 180 times during the 15-day tests, and 360 times during the 30-day tests. 

As indicated in the table,  the program consisted of a 30-minute low-demand per- 
formance period, 60 minutes of intermediate-demand performance, and 30 minutes of 
high-demand performance during each 2-hour period of testing.    From the subject's point 
of view there was no break between repetitions of the program since the three passive 
tasks (auditory vigilance, warning-lights monitoring, and probability monitoring) were 
presented continuously at each work station.   An amber light on each panel signaled that 
the arithmetic task would begin in 30 seconds; another amber light provided a similar 30- 
second warning for target identification.   The subjects were told that their performance 
was being scored continuously; however, analysis has been made only of the data obtained 
during the 90-minute intermediate- and high-performance periods.   Also,  it should be 
noted that the terms "low, " "intermediate, " and "high" are purely relative in the sense 
used here.   The absolute levels of demand implied by these terms are not likely to have 
remained constant; rather,  they are more likely to have changed over the course of con- 
finement, for example as functions of continued practice. 



Table 1 

Basic 2-Hour Task-Performance Schedule 

Task 

Auditory Vigilance 
Warning-Lights Monitoring 
Probability Monitoring 
Arithmetic Computation 
Code-Lock Solving 
Target Identification 

00 15 30 
Minutes 

45        60 75 90      105      120 
xxx XXX XXX XXX XXX XXX XXX XXX 

XXX XXX XXX XXX XXX XXX XXX XXX 

XXX XXX 

XXX 

XXX 

XXX 

XXX XXX XXX XXX XXX 

XXX XXX XXX XXX 

XXX XXX 

Level of Demand on 
Performance ow ned    hi ned hi med low 

NOTE:     Each "x" in the table represents 5 minutes. 

ORIENTATION AND TRAINING 

The crews for HOPE-II and HOPE-IN reported to the laboratory to begin orientation 
and training on their respective reporting dates; in both cases this was scheduled for 0800 
hours on a Thursday. After official welcomes, most of the first day was devoted to orien- 
tation, general briefings concerning the purpose of the research projects, and descriptions 
of the test plans; the second day was spent in training, interviews, and physical examina- 
tions. 

In general,  during the orientation and training periods considerable time was spent 
in discussing with the subjects the objectives of the study and the importance to the Air 
Force of obtaining quantitative data relating to the problem of optimum work-rest sched- 
ules.    In addition,  about 20 minutes extra were spent with the HOPE-II crew in showing 
them the diurnal variations in performance and physiological activation evidenced in the 
previous 15-day confinement studies (cf. Adams and Chiles,  ref. 3), and in emphasizing 
to them that one of the principal purposes of the HOPE-II tests was to determine to what 
extent the diurnal differences in performance could be changed simply by informing the 
subjects of the fact that such differences would occur unless they did something about it. 
The same point was made to the HOPE-III crews, but in their case the point was not em- 
phasized as a principal purpose of the study; rather,  it was presented as a standard oper- 
ating procedure under which the subjects were instructed to attempt to minimize diurnal 
variations in performance by expending extra effort during periods when they felt poorly. 

Physical conditions in the laboratory area were arranged so that the subjects could 
interact with only the Air Force task scientist and the Lockheed project leader during the 
orientation phase.   While training in the mockup,  the subjects could interact only with 
the three experimenters who served as shift leaders, and then only over the intercom.    In 
other words, a cordial but semiformal and business-like relation was established and main- 
tained between the crewmembers and the experimenters at all times.    Questions and com- 
ments were encouraged, and every attempt was made to dispel any doubt, fear, or sense 
of mystery that may have developed concerning the nature of the tests and the period of 
confinement. 

Pretest interviews were held privately with the individual subjects to provide oppor- 
tunities for the expression of any anxieties concerning participation in the study (none was 
evidenced) and,  further, to obtain information about items such as the subject's age, 
marital status, nearest relative, anticipation of possible family or personal emergencies. 



and specific sources of worry.   At the same time, each subject was given, if he wanted 
them, a supply of postcards on which he  could write messages to his family or friends. 
These cards and letters were collected by the experimenter together with instructions 
from the subject concerning the dates on which they should be posted.    The subjects were 
assured that any mail which arrived for them during the period of confinement would be 
held safely for delivery at the time of termination of confinement. 

The rapport between the experimenters and subjects was excellent both during 
training and throughout the experiment.    This was confirmed by experimenter observa- 
tions,  voluntary comments of subjects,  and the responses of subjects to questions asked 
during post-test debriefing interviews. 

TESTING 

Each crew reported to the laboratory at about 0700 hours on a Saturday and spent 
nearly an hour in the laboratory before being confined for the beginning of the study at 
exactly 0800 hours.    During this time the crewmembers ate breakfast,  stowed their per- 
sonal equipment in individual lockers located in the mockup, and were given a final pre- 
test briefing during which any last-minute questions were answered.    Reading material 
was permitted in the mockup,  provided it was taken in prior to confinement; although 
all subjects were observed to have stowed some reading material,  the only appreciable 
amount of reading done was by subjects in the 30-day tests whose 4-4 work-rest schedule 
was less demanding than the 4-2 work-rest schedule of the subjects in the 15-day tests. 

Incidental to the actual performance testing,  the subjects in both groups had been 
given detailed instructions concerning the following regulations and procedures related 
to the test conditions: 

(a) A clearly audible horn was sounded in the sleeping quarters 10 minutes prior 
to the time a change in shift was scheduled,   except that twice daily in HOPE-MI the 
horn was sounded 10 minutes prior to a scheduled mealtime (when the off-duty crew was 
scheduled to eat a meal before going on duty).    In order to stop the horn it was necessary 
for one man to get out of his bunk and actuate a toggle switch.    The 10-minute interval 
allowed sufficient time for the subjects to dress and wash.    Exactly on the even-hour 
marks in HOPE-II (and at alternate even-hour marks in HOPE-IN),  when subjects were 
scheduled to change shifts,  the experimenter sounded three short blasts on the wake-up 
horn as a signal for the change of stations. 

(b) Meals were placed in a food compartment in the leisure area of the mockup 
at scheduled mealtimes.    The meals were selected from the daily plant cafeteria menus 
by the chief experimenter.   Throughout the 15-day HOPE-II tests,  the subjects were per- 
mitted to eat during the 30-minute low-performance portions in the middle of their 4- 
hour work periods.   At the proper time, when the low-performance period began, one 
of the two subjects scheduled for a meal would be designated by the crew commander to 
leave his work station,  remove the food trays from the food compartment, and bring them 
to the work-station area.   When the meals had been eaten, a subject returned the trays 
to a garbage-disposal shoot in the leisure area.    The subjects were instructed to continue 
working on the monitoring and vigilance tasks even while eating. 

(c) During the 30-minute low-performance period of the task program, subjects 
were allowed to leave their duty stations to use the toilet facility if they were given 
permission to do so by the crew commander.   Only one on-duty crewmember was per- 
mitted to be away from his station at any given time. 



(d) Standard operating procedures were established for use of the intercom sys- 
tem.    In general, standard radio procedure was followed.   The test crew of the 15-day 
experiment was designated "HOPE-II".   The two test crews of the 30-day experiment 
were designated "HOPE-III" with "ABLE" and "BAKER" being used to designate each 
specific crew.   The experimenter station was designated "GELAC CONTROL."   The 
subjects were instructed to keep intercom conversation to a minimum, and the only calls 
permitted between the subjects and GELAC CONTROL were "business" calls such as 
those required to report an apparent malfunction of equipment.   Any calls initiated by 
the subjects that were other than business in nature were acknowledged and then cordially, 
but firmly, discouraged.   Whenever GELAC CONTROL called the crew,  the call was 
addressed to the crew commander; if for some reason another member of the crew was to 
be addressed,  the crew commander was contacted first and his permission was requested 
to address a specific member of the crew.    The major intercom system was a "common- 
line" system in which all stations (including the experimenter station) received all com- 
munications.    Two additional intercom systems were provided; one of these, a "private- 
line" system, connected a speaker and microphone in the leisure area with the experi- 
menter station, whereas the second system (connecting the same two points) used tele- 
phone-type receivers to provide a "very private" line.    These latter two systems were 
installed for use in the case of personal emergencies, medical consultation, etc. 

(e) The subjects were informed that with the beginning of the confinement period 
the test wouW be considered a closed-system operation.   Their only contact with the out- 
side would be with the experimenter by means of the intercom system.    They were assured, 
however,  that any given subject would be released from the test in case of illness or in 
the case of emergencies at home. 

(f) The food service unit located in the leisure area was well stocked with sup- 
plemental food items,   including canned fruit juices, soups,  instant coffee, tea,  milk, 
crackers,  and an assortment of gum,  candy, and nuts.    These could be consumed ad libi- 
tum.    Cigars,  cigarettes, and pipe tobacco were provided with meals according to choices 
(and quantities) indicated by the subjects prior to confinement. 

On the day following their termination of confinement, each subject was inter- 
viewed,  given a physical examination, and was asked to complete the questionnaires and 
a test of interpersonal knowledge scheduled for the post-test period.   In addition, all the 
subjects were interviewed privately to obtain their reactions to a series of questions re- 
lating to attitudes toward the experiment and experimenters, adjustments to the work 
schedules, opinions as to task difficulties, and any other subjective reactions that they 
wished to voice. 
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RESULTS 

SUBJECT LOGS 

Subjects in both tests faithfully recorded their self-determined temperature and 
pulse rates in their logs as instructed; these psychophysiological measures are analyzed 
and discussed in a subsequent section.   The subjects in HOPE-II were widely variable in 
their responses to the request that during each 2-hour period they list a problem and its 
solution.   The number of problems and solutions actually reported by each of the 6 sub- 
jects ranged from 45 to 180, with a median of 112.   Because of the incompleteness of 
these data, and because the subjects indicated they had great difficulty in thinking up 
new and novel problems, this requirement was not imposed on the HOPE-II I subjects. 

In both studies, extensive and regular voluntary comments were made only by the 
crew commanders.   Apparently the crew commanders felt responsible for recording obser- 
vations on their crews'  performance efficiency,  morale,  and motivation.    They also fre- 
quently suggested various minor modifications of the tasks and the physical facilities of 
the mockup.   There appeared to be no discrepancies either among the comments of the 
crew commanders or between those of the crew commanders and the crewmembers; the only 
noticeable difference was that the crew commanders made comments with greater frequency 
and in greater detail than crewmembers. 

The topic of sleep was the most frequent subject of the comments.    Specific com- 
ments were made regarding amount of sleep obtained, adjustments to loss of sleep, and 
thoughts concerning the sleep patterns necessary to maintain a stable level of perform- 
ance on the atypical schedules used.    In general, the comments suggested that all sub- 
jects had difficulty initially (a) in falling asleep quickly enough to use efficiently the 
off-duty periods, and (b) in maintaining alertness with less than the normal amount of 
sleep - "normal" being uniformly considered 8 hours per 24-hour period.   Several HOPE- 
IN crewmembers reported apparent shifts in diurnal high and low periods of alertness 
during the study; the shifts were reported to be tendencies toward greater alertness during 
the early evening hours as contrasted with initial feelings of maximum alertness only 
during the daytime hours.   Little or no evidence for such shifts in alertness was obtained 
from the psychophysiological and performance measures taken during the experiment; 
where averaged over the members of both crews, only the axillary-temperature data even 
suggested that such a shift might have occurred at a psychophysiological level. 

According to the comments entered in the logs, most of the crewmembers made 
satisfactory adjustments to the necessity for falling asleep quickly by the end of the first 
few days of confinement.   They appeared also to have adjusted to other aspects of the 
4-2 or 4-4 work-rest schedules they followed; for example, most subjects reported that 
they had adjusted to fewer than 8 hours of sleep per day, and reported further that 6 
hours of sleep appeared sufficient for them to maintain alertness and a sense of physical 
well-being. 

Notations concerning the performance tasks were made frequently by the crew 
commanders and also (but not as frequently) by the other crewmembers.   Most of the com- 
ments concerned adjustments to the 2-hour performance-task program and thoughts re- 
garding methods for maximizing performance efficiency on specific tasks.   The crew com- 
manders also recorded regularly any and all departures from the established duty or off- 
duty routines.   Even minor equipment repairs, such as the replacement of a light bulb in 
an indicator light, were reported in some detail. 

All subjects made note of minor physical discomforts.   The most frequently men- 
tioned irritations were those associated with feelings of soreness in those parts of the body 
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that had physical contact with the environment.   For example, several subjects mentioned 
chafing of the elbows, sore buttocks, and sore spots on the head and ears; all of the com- 
ments were understandable reactions to changes made necessary by the atypical aspects 
of the confinement, especially those that required the subjects to sit at work stations and 
wear headphones while working 16 hours per day in HOPE-ll and 12 in HOPE-III.   Occa- 
sionally, cold symptoms, headaches, foot irritations, and sensations of burning of the 
eyes were reported; all of these conditions were relieved or ameliorated by self-applica- 
tion of appropriate minor medicants from the medicine chest in the mockup.   Some sub- 
jects made note of elimination difficulties which they were able to overcome principally 
by the Ingestion of special food items such as prune juice. 

Recorded comments concerning the food indicated that all the subjects considered 
it to be of excellent quality.   Although equal quantities were provided each subject in 
both experiments, the subjects in HOPE-ll believed they were given too little food, 
whereas those in HOPE-III thought they were supplied too much.   These beliefs appar- 
ently led the crews to differential regulation of caloric intake with HOPE-ll subjects 
supplementing their meals with the candies, soups, and juices provided, and the HOPE- 
III subjects consciously dieting (many keeping a continuous calorie count for each 24- 
hour period along with a record of weight self-determined each day by use of scales 
available in the leisure area). 

The crew commanders commented frequently on the apparent morale and level of 
motivation of their crews and the individuals comprising them.   According to these re- 
ports, morale started off at a high level, but tended to drop somewhat during the first 
few days of confinement.   Morale then remained relatively constant except for notice- 
able rises at several specific points; namely, (a) at the midpoints of the expected con- 
finement periods, or the 7th and 8th days in HOPE-ll and the 20th day in HOPE-III, 
(b) during the last two or three days of HOPE-ll when the subjects knew the study was 
about to end, and (c) during the celebration of a crewmember's birthday - an experience 
shared by the members of each crew.   During these latter occasions a birthday cake was 
provided and a congratulatory message was called in via intercom to the appropriate crew 
commander with the request that he convey the message to the individual concerned.    In 
addition, the crew was permitted to leave its duty station for 20 minutes, during a 30- 
minute low-performance period, in order to celebrate the birthday and consume the cake. 

A few notations were made concerning irritability among crewmembers.   These were 
made principally during the early portions of confinement.   The incidents were ascribed 
generally to sleepiness and fatigue.    None of the incidents was thought to be serious by 
the crewmembers; apparently, none adversely affected task performance.   The most fre- 
quent comment concerning morale and motivation in general related to the boredom felt 
by the subjects (apparently universally) once the task program had been learned well 
enough for it to seem routine.   This, of course, is a condition that the progmm was ex- 
pected 'o create, and it is a condition that causes problems in the sense of making it 
difficult to maintain motivation at high levels.    It is a condition that is widespread in 
actual systems where many of the cctivities required of the operator are repetitive in 
nature. 

The subjects in HOPE-ll engaged in essentially no off-duty activities other than 
those related to personal hygiene and sleep.   However, the comments of the HOPE-III 
subjects indicated that considerable amounts of time were devoted to reading, letter 
writing, and games.   Of the games engaged in, chess apparently became the early favor- 
ite, but then lost favor because the mental excitement it stimulated in the players tended 
to interfere with their sleep.   Subsequently, the games that became the more favored 
(such as dominoes) were those that required little sustained mental activity and did not 
persist in thought after termination of the game. 
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Only rarely were entries of a personal nature made in the subject logs.   Where 
these did occur, they were generally in the form of negative comments regarding one or 
another of the crewmembers and his recent behavior in the work situation, especially on 
the crew-performance tasks. 

The subjects were told prior to entering the confinement that it was relatively easy 
to hear "voices, music, etc." in the white noise, and some such auditory illusions were 
reported, though only very rarely.   Also, some subjects reported occasionally having 
very vivid dreams.   None of the subjects indicated any concern about either of these 
kinds of experiences. 

HOPE-II ACTIVITY CHECKLIST AND EXPERIMENTER LOGS 

The experimenters made systematic observations of each of the on-duty crewmem- 
bers at least once every 15 minutes throughout the 15-day HOPE-II tests. The observa- 
tions were recorded on an "Activity Checklist" that was used as an aid in standardizing 
both the method and the tabulation of the data. In addition to keeping the Activity 
Checklist, the experimenters maintained a log in which they recorded the salient points 
of any extended intercom conversations between any of the crewmembers and "GELAC 
CONTROL." 

The Activity Checklist provided seven major categories under which ratings were 
made:   (a) GENERAL APPEARANCE,   (b) ATTENTION TO ACTIVE TASKS,   (c) ATTEN- 
TION TO PASSIVE TASKS,    (d) POSTURE,    (e)   CURTAIN (referring to the curtain lo- 
cated at each duty station to screen it from ail others),    (f) HEADSET, and   (g) REMARKS. 
The ratings were highly consistent, with over 83% of the responses indicating "highly 
alert" appearance,  "continuously responding" attention to active tasks,  "systematically 
scanning" attention to passive tasks,  "slouching" posture,  "closed" curtain, and headset 
"on."   Since the ratings appeared not to be related to performance, the Activity Check- 
list was not used in HOPE-III. 

The crewmembers of HOPE-II made no observed attempts to regulate caloric intake. 
Although all of the subjects performed some exercises in the leisure area during off-duty 
hours, the crew commander apparently did not establish this as a routine procedure with 
a specified schedule.   The subjects made several requests during the period of the test 
for various food items and for certain nonprescription medicines.   The criterion used in 
deciding whether to honor these requests or not was as follows:   The request would be 
honored if it was judged that the item requested would have been stored aboard the mock- 
up prior to the experiment had the experimenters been given sufficient time to become 
fully familiar with the subjects; otherwise, the request would not be honored.   The non- 
prescription medicines requested were for treatment of common cold symptoms, mouthwash, 
and a lotion for acne. 

Two more-serious medical problems arose during the 15-day confinement.    Each of 
these required consultations and examinations by a physician.   Examinations could be 
made by means of a closed-circuit television system that operated through a one-way 
vision glass in the ceiling of the mockup, and consultations between the physician and 
his patient were completed by use of the very private intercom system previously men- 
tioned.   One of the problems was created by the loss of a temporary cap for a tooth that 
had recently undergone a root-canal operation.    In this case the physician decided in 
consultation with the subject that definitive dental treatment could await completion of 
the confinement period; he supplied the subject with appropriate medicants for self-ad- 
ministered treatment during the test, and arrangements were made for final treatment by 
an oral surgeon on the day the subject was released from confinement. 
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The second medical problem was associated with one subject's complaint of a pro- 
gressively more painful earache.   On the fourteenth day of the study the physician felt it 
necessary to make a brief (about five minutes) examination of the infected ear.   This was 
done by having the other off-duty subject remain in the leisure area while the ill subject 
was escorted through an emergency exit in the sleeping area to a room immediately adja- 
cent to the mockup.   The subject had contact only with the physician and the chief ex- 
perimenter during the examination.   Examination by the physician revealed small boils in 
the external meatus of the right ear, and treatment by ingestion of antibiotic tablets was 
prescribed.   During the treatment period, moreover, the physician made regular checks 
of the subject's condition, and the crew commander was asked to observe and report sys- 
tematically his observations of the subject's performance.   This subject was permitted to 
have one additional 2-hour off-duty period.   This gave him the chance to obtain about 
4 hours of sleep to make up for sleep losses incurred during other off-duty periods because 
of the earache.   The treatment was apparently successful, for by the end of the test the 
irritation had disappeared and the general condition of the ear was much improved. 

HOPE-MI EXPERIMENTER LOGS 

Many of the entries in the HOPE-HI experimenter logs were concerned with equip- 
ment difficulties and the extent to which these interfered with data collection; typically, 
these were of a minor nature (e.g., burned-out light bulbs).    When a malfunction was 
reported by any of the subjects, a system check was run to determine the nature of the 
trouble, and another check was run after repair to ensure that the equipment had been 
put back in good working order.    (Over the duration of the entire 30-day tests, all equip- 
ment functioned normally more than 99% of the time). 

On two occasions the off-duty crew overslept; i .e., the alarm was sounded at the 
proper time, and it was turned off by someone in the crew, but no one arose.    Both of 
these occasions occurred with the crew scheduled to arise and eat breakfast before going 
on duty, and in both cases the crew then on duty aroused the relief crew in time for the 
proper change of shift at 0800 hours.   The late-sleeping crew, on these two occasions, 
ate breakfast during the 15-minute low-performance section of the program that imme- 
diately followed their movement into the work stations.   The only other entries in the 
experimenter logs concerning off-duty activities were (a) that a game of chess was in 
progress during several periods, and (b) that lengthy discussions concerning politics and 
the world situation took place on several other occasions. 

As was the case in the 15-day confinement tests, the subjects in this 30-day con- 
finement made several requests for replenishment of the stored stocks of fruit juices, soups, 
cigaretts, paper cups, etc.    In addition, they requested non-prescription medications for 
ills such as sore throats, colds, athelete's foot, and fever blisters.   On two occasions, a 
physician conversed with individual subjects and prescribed treatment for mouth ulcer and 
hordeolum.   Requests made by the subjects during the period of confinement were Judged 
with the same criterion used in the HOPE-!! tests, and in general all requests were filled. 

PSYCHOPHYSIOLOGICAL MEASURES 

The methods used in obtaining the pulse and temperature data in HOPE-II provided 
a measure for each subject on each measure within a quarter of an hour of 0800, 1000, 
1200, etc. for each of the 180 even hours of the study; those of HOPE-MI provided similar 
measures for 3 out of every 4 of the 360 even hours of the 30 days, the fourth period being 
one during which the subject was asleep.   During each 24-hour period of "Operation 36C" 
(OPN-360), the 15-day study that preceded HOPE-il (Adams and Chiles, ref. 3), the 
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psychophysiological measures were recorded 4 times for each subject at intervals of 4 and 
8 nours, alternately, while the subject was performing arithmetic computations.   The data 
from all three of these studies have been analyzed in terms of the means of measurements 
taken on different days (between-day trends) and in terms of the means of measurements 
made at different times of day (within-day trends).   Comparisons have been made through- 
out, where appropriate and possible, among the data of HOPE-II, HOPE-lli, and OPN- 
360.    In order to obviate making assumptions as to the forms of the sampling distributions, 
nonparametric statistical tests have been used here and wherever possible in analyzing 
the results. 

Between-Day Trends - The psychophysiological data of the three groups have been 
summarized slightly differently, as necessitated by the differences in the times and num- 
bers of measurements.   Since two scorings of each subject in OPN-360 were available 
for each 12-hour interval, "rolling-mean" scores were used to represent each of 12 differ- 
ent 2-hour intervals per day.   Thus, the ordinate value of each point in the between-day 
psychophysiological scores of OPN-360 constitutes the average of the 22 individual 
scores (2 from each of 11 subjects) obtained during the 3 preceding and 3 following, imme- 
diately adjacent, 2-hour experimental periods; the abscissa value is represented as the 
average of the six appropriate period midpoints. 

Similarly, rolling means were used in plotting the data of HOPE-II; these means 
were taken over 3 basic data points so as to include each subject 3 times — once before 
starting to work, once in the low-performance period between 2 work periods, and once 
after having completed 4 hours of work at his station.   With the data of the HOPE-III 
subjects, rolling means were taken over 4 basic data points (i .e, over 4 successive and 
immediately adjacent 2-hour experimental periods); thus, each subject is represented 3 
times in each plotted point (as in HOPE-II), with the missing fourth point representing a 
time during which the subject was asleep. 

The mean pulse-rate data of OPN-360 and HOPE-II, and of HOPE-MI are pre- 
sented in figures 2 and 3, respectively.*   The corresponding mean axillary temperatures 
are presented in figures 4 and 5.    In order to show conveniently the relation of between- 
day trends to within-day trends, the 15-day curves of OPN-360 and HOPE-II have been 
divided into three 5-day segments and the 30-day curves of HOPE-lll have been divided 
into six 5-day segments.   Also,  in order to assist in making direct comparisons, the data 
of OPN-360 and HOPE-II have been plotted on the same figure; likewise, the two 15- 
day segments of the 30-day HOPE-lll data have been plotted together. 

Friedman's analysis-of-variance test for ranked data (Chi-square-r) was used to test 
for the significance of between-day effects.   Each subject's daily mean was assigned a 
rank between 1 and 15 (for OPN-360 and HOPE-II), or between 1 and 30 (for HOPE- 
lll), and these ranks were used in determining the level of significance of any over-all 
trends that were evidenced by the data.   The results of these tests are given in table 2. 
Also given in the table are the separate results for each of the two 5-man crews that 
served in HOPE-lll; the fact that essentially identical trends held for the 2 crews served 
as the justification for combining the data of the 2 crews into the single curves of figures 
3 and 5. 

Figures 2 and 3, and all subsequent figures are grouped for convenience at the end 
of this report, pages 40 to 72 . 
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Table 2 

Summary of Analysis of Variance by Ranks: 

Daily Levels of Psychophyslological Measures 

Measure 

OPN-360* 

Chi- P less 
square      Than** 

HOPE-II HOPE-IN 

Chi- 
square 

P less 
than** 

Chi- 
square 

P I 
Th 

ess 
an"* 

Pulse Rate 57.n 

Temperature      10.46 

.001 13.80 

23.21 

93.78 
A= 51.70 
B = 67.62 

63.55 
A= 76.55 
B = 50.57 

.001 

.01 

.001 

.001 

.001 

.01 

N.B. Self-determined pulse rates and axillary temperatures were data of HOPE-ll and 
HOPE-lll. Sampled heart-rate levels and skin-temperature levels were data of 
OPN-360.   Under HOPE-lll, "A" and "B" are the two 5-man crews. 

* Adopted from Adams and Chiles (ref. 3). 
** Based on df of 14 for OPN-360 and HOPE-II, and on df of 29 for HOPE-lll. 

In terms of pulse rate, it is apparent from figure 2 that the subjects of OPN-360 
began their 15-day confinement with a relatively fast pulse rate that declined from about 
the fifth day until a stable level was reached on about the tenth day.   The HOPE-ll sub- 
jects, on the other hand, began their 15-day confinement with a relatively slow pulse 
rate that began climbing on about the fourth day and continued climbing until a relatively 
stable level was reached on about the twelfth day.   As indicated in table 2, the over-all 
trend was statistically significant in the case of ÖPN-360, but not in the case of the 
HOPE-ll subjects.   The significant trend in the over-all pulse rates of the HOPE-lll sub- 
jects was, like that of the OPN-360 one of a declining pulse rate; the decline, however, 
was of lesser extent. 

The between-day trends in the temperature measurements of OPN-360 and HOPE- 
II were neither consistent (see figure 4) nor statistically significant (see table 2).    In 
contrast,  for HOPE-lll there was a small, but consistent and statistically significant low- 
ering of axillary temperature (see figure 5 and table 2). 

The analyses summarized in table 2 of daily levels of the psychophyslological meas- 
ures reflect the consistencies in temporal trends among subjects; an indication of the 
consistencies within each of the subjects is given in the data of table 3.   The rank-order 
coefficients of correlation (rho's) between the daily means and the days of the study are 
shown in table 3 for each subject.   A positive correlation represents an increase in the 
measure with continuation of the study, a negative correlation represents a decrease. 
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Table 3 

Rank-Order Coefficient of Correlation (Rho) of Each Subject's Daily Psychophysiological 
Measures With Days of the Studies 

Group Subject Psychophysiological Measure 
Pulse Temperature 

OPN-360 * 1A 
2A 
3A 
4A 
5A 

IB 
2B 
3B 
4B 
5B 
6B 

-.75 
-.91 
-.78 
-.62 
-.72 

-.45 
(-.02) 
(-.16) 
(-.22) 
-.84 
-.48 

(-.29) 
(-.17) 
( -31) 
( -41) 
-.52 

-.44 
-.65 

( -19) 
.45 

( -01) 
.75 

HOPE-!!** 1 
2 
3 
4 
5 
6 

.62 
(-.23) 

.67 

.92 

.84 
-.83 

( -28) 
.68 
.47 
.90 

( -42) 
(-.41) 

HOPE-II!*** 1A 
3A 
5A 
7A 
9A 

2B 
4B 
6B 
8B 

10B 

-.60 
(-.16) 
-.61 
(-.23) 
(  .10) 

-.62 
-.90 
(-.12) 
-.43 
-.42 

( .00) 
-.45 
(-.14) 

.34 
( .19) 

-.63 
-.51 

( .29) 
.37 

( .20) 

Heart-rate level and skin-temperature level were the measures used in OPN-360; 
adopted from Adams and Chiles (ref.  3).    N, = 15 in each case,  so for a one-tailed 
test rho = .44 is associated with P = .05,  and rho = .62 is associated with £ = .01. 

Self-determined pulse and axillary temperature.    N = 15, significant values of rho 
are identical to those of OPN-36Ö. 

***        Self-determined pulse and axillary temperature.   N = 30, so for a one-tailed test, 
rho = .31 is associated with £= .05, and rho = .43'i5 associated with £= .01. 

N.B.     Parentheses are used to enclose nonsignificant values of rho. 
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Among the 11 subjects in OPN-360, 8 showed significant negative trends in pulse 
rate and none showed a significant positive trend (3 had nonsignificant trends); 3 indicated 
significant negative trends in temperature, 2 indicated significant positive trends, and 6 
showed no significant trends.   Four of the 6 subjects in HOPE-II had significant positive 
trends in pulse,  1 had a significant negative trend, and the remaining 1 had essentially 
no trend; 3 of these same subjects had significant positive trends in temperature, and 3 
indicated no significant trends.   The pulse-rate trends of 6 of the 10 subjects in HOPE- 
MI were negative, and there were no significant positive trends; on the other hand, in 
terms of temperature, 2 subjects demonstrated significant positive trends, 3 significant 
negative trends, and 5 no significant trends at all. 

Within-Day Trends - One of the most prominent features of the pulse-rate and tem- 
perature data presented in figures 2 through 5 is the reasonably consistent within-day 
change, or diurnal variation, in these measures.    Indeed, it is apparent that these vari- 
ations continued throughout the 15-day confinements of OPN-360 and HOPE-II, as well 
as the 30-day confinement of HOPE-MI.   In the case of the latter, however-, there is 
some indication of reduced variations (or flattenings of the curves) in both measures to- 
wards the end of the study (viz., during days 26 to 30).   These variations are shown more 
clearly in figures 6 through 9 where the respective measures have been combined for the 
different hours of the day on the basis of the three 5-day blocks of experimentation in 
OPN-360 and HOPE-II, and the six 5-day blocks in HOPE-III. 

Friedman's test was used to determine the significance of the observed differences 
among the within-day means for each of the 5-day blocks and for the entire period of 
experimentation.   The results of these analyses are summarized in table 4 for HOPE-II 
and HOPE-III.   Because only 4 points were available per day for each of the subjects in 
the OPN-360, and because these 4 points occurred at different times of day, those data 
were not subjected to statistical analysis.    However, the consistency with which the 
within-day changes occurred among the members of OPN-360 strongly suggests that, for 
the subjects tested, the changes are beyond chance expectation (cf. Adams and Chiles, 
ref. 3, p 23). 

Table 4 
Summary of Analysis of Variance by Ranks: 

Within-Day Levels of Psychophysiological Measures 

Day 
HOPb-ll HÜPE- -III 

Chl- Pless Chi- P less 
Measure Blocks square than* square than* 

Pulse Rate 1-5 21.14 .05 38.17 .001 
6-10 15.02   41.95 .001 
11-15 16.70   40.96 .001 
16-20 n .a. n.a. 34.79 .001 
21-25 n.a. n.a. 21.38 .01 
26-30 n .a. n .a. 21.91 .01 

1-15 or 1- 30 19.52   40.29 .001 

Axillary 1-5 24.44 .02 53.61 .001 
Temperature 6-10 20.91 .05 45.65 .001 

11-15 22.97 .02 37.82 .001 
16-20 n .a. n.a. 34.31 .001 
21-25 n.a. n.a. 19.53 .02 
26-30 n.a. n.a. 11.85 — 

1-15 or 1- •30 29.07 .005 40.19 .001 

* Based on df of 11 for HOPE-II, and on df of 8 for HOPE-III. n.a.   — not 
applicable 
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A statistically significant within-day effect is present in both the pulse-rate and 
temperature data of HOPE-1II when averaged over the entire 30-day period of confine- 
ment; however, there is not only a noticeable flattening of the diurnal variations toward 
the end of the 30 days, (see figures 5 and 9) but also a failure of the temperature differ- 
ences to achieve statistical significance during the last 5-day block of experimentation. 
There is no noticeable flattening of HOPE-ll's axillary temperature curves over the three 
5-day blocks of experimentation, and the diurnal variations within each of the blocks 
are statistically significant, as are also the variations taken over the total 15-day period. 
The within-day changes in HOPE-ll's pulse rate are significant only for the first 5-day 
block, and the over-all 15-day averages are not significant. 

If pulse rate and temperature are taken as indices of the level of physiological ac- 
tivation, it may be noted that there were apparently shifts in the time at which the high- 
est activation occurred with the subjects over the course of the confinements.   The OPN- 
360 subjects evidenced highest activation during the early evening hours (about 1800 
hours) of the first 5 days, but during the late night hours (about 2200 hours) of the third 
5-day block of experimentation.   An identical shift of 4 hours is evidenced in the data 
of the HOPE-11 subjects for axillary temperature, but the shift in pulse rate is from 1600 
hours to 2000 hours (see figures 6 and 8). 

Pulse rate for the subjects of HOPE-MI (figure 7) shows at most a 2-hour shift of 
the point of highest activation (from 1800 to 2000 hours) over the first 15 days, and a 
shift back (from 2000 to 1800 hours) over the last 15 days, for a net zero change over 
the 30-day period.   Axillary temperature, however, shifted in a manner more nearly 
consistent with the data of the other two groups; as shown in figure 9, the point of max- 
imum activation of the HOPE-MI subjects shifted over the first 15 days by 2 hours (from 
1800 to 2000 hours) and it shifted again over the final 15 days by the same amount and 
in the same direction (from 2000 to 2200 hours). 

PERFORMANCE MEASURES, INDIVIDUAL TASKS 

The results obtained on the individual-performance aspects of 5 of the 6 perform- 
ance tasks in the battery (the code-lock task yields group-performance scores only) have 
been analyzed both in terms of the means of measurements made on the different days 
(between-day trends) and in terms of the means of measurements made at different times 
of day (within-day trends).   As was the case with the psychophysiological measures, com- 
parisons have been made wherever possible between the data of the HOPE-II and HOPE- 
MI performance and the comparable data of the previously reported OPN-360 tests.   Also, 
non-parametric tests have been used to obviate the making of any assumptions concerning 
the forms of the sampling distributions of the performance measures. 

Between-Day Trends - The mean levels of performance attained on the individual 
tasks are presented in figures 10 through 19.   The data of OPN-360 and HOPE-II are 
results of the 120, 2-hour periods worked by the subjects in those studies; the data of 
HOPE-II I ore results of the 180, 2-hour periods worked by each subject in the 30-day 
study. 

Because of the arrangement of the duty periods used with the 4-2 schedule of OPN- 
360 and HOPE-II, a measure that averaged the results of a 6-hour time span had to be 
used if each subject were to make an equal contribution to each data point.   For example, 
from 1000 to 1200, subjects 1, 2, 3, and 4 would be on duty; from 1200 to 1400, subjects 
3, 4, 5, and 6 would be on duty; from 1400 to 1600 subjects 1, 2, 5, and 6 would be on 
duty.   Thus, if the basic 2-hour period were used as the analysis unit (e.g.,  1000 to 
1200) two subjects would not contribute to the performance measure (for the first period 
in the example, subjects 5 and 6 would not be included).    If a 4-hour period were used 
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as the unit (e.g.,  1000 to 1400), subjects 3 and 4 would contribute 4 hours of perform- 
ance, whereas subjects 1, 2, 5, and 6 would each contribute only 2 hours.   Over a six- 
hour period (e.g.,  1000 to 1600), each subject would contribute 4 hours of performance. 

Without modification, however, use of this technique would yield only four data 
points per day.    In order to avoid this and to obtain a data point for each 2-hour period, 
a rolling-mean technique was used.   The data recorded during three consecutive 2-hour 
periods were averaged to obtain a single mean; e.g., one mean would be based on the 
three 2-hour work periods beginning at 1000 hours and continuing to 1600 hours on a 
given day.   The next mean would be based on the data recorded during the three con- 
secutive periods that came 2 hours later, i.e., the periods beginning at 1200 hours and 
continuing to 1800 hours.   The abscissa value against which the data were plotted was 
taken as the clock-time midpoint (an odd-numbered hour) of the second of the three 
periods involved.   The data of HOPE-MI were treated in a similar manner, except that 
the rolling means were based on four consecutive 2-hour periods instead of three. 

In order to test for the significance of the differences observed among the daily 
levels of performance, Friedman's analysis-of-variance test for ranked data (Chi-square-r) 
was used.    Each subject's daily mean with any specific performance measure was assignea 
a rank between 1 and 15 (in OPN-360 and HOPE-II), or between 1 and 30 (in HOPE- 
IN), and these ranks were used In determining the level of significance of any over-all 
trends evidenced by the data of that measure.   The results of these tests are given in 
tableS. 

There were significant differences among the daily levels of the OPN-360's over- 
all performance of auditory vigilance, probability monitoring, and arithmetic computa- 
tions, but not in their performance of warning-lights monitoring.    (Because of subsequent 
changes in the signal characteristics, the auditory vigilance data of OPN-360 are not 
strictly comparable to those of HOPE-II and HOPE-III; the task was comparable in HOPE- 
II and HOPE-III, however, so these latter results are presented for comparison In figure 
10.   The data of OPN-360 are not presented.)   The percentage of correct probability- 
monitoring signal detections decreased from the start of the study until about the eleventh 
day (figure 11), while the mean time required to detect the probability-monitoring signals 
increased from the first to the tenth or eleventh day (figure 12).   The percentage of cor- 
rect arithmetic computations decreased from the second day through about the fourteenth 
or fifteenth day (figure 15). 

Although the subjects of HOPE-II were generally poorer than these of OPN-360 
in performance of the auditory-vigilance task (and this was probably a function of the 
different signal-to-noise ratio used in the two studies), the HOPE-II subjects were gen- 
erally better than those of OPN-360 In probability monitoring and arithmetic computa- 
tions (see figures 11, 12, and 15).   The significant differences among the dally levels of 
HOPE-ll's over-all performance of the auditory-vigilance and probability-monitoring 
tasks, moreover, were essentially identical to those of the OPN-360 in being associated 
with declines in the levels of performance over the course of the study.    In arithmetic 
computations, however, especially in terms of the computations made during simultaneous 
presentation of code-lock problems, the HOPE-II subjects demonstrated gains in perform- 
ance.   These gains in the percentage of correct arithmetic computations were statistically 
significant for problems solved with code-lock, and the gains were especially large during 
the early part (first 5 days) of the study (see figure 16). 

The differences among the daily levels of HOPE-IM's over-all performances were 
statistically significant in all 9 measures of performance employed (see table 5).    In all 
 •_• iL_ r _r I.L_  U/^DC   in ...L? i.  ; ■ ...tiL ■.! r I,     «.___ 
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and warning-lights monitoring) was highest in the case of the HOPE-III subjects relative 
to those of the other two groups; however, the subjects in HOPE-II maintained the high- 
est levels of performance in arithmetic computations.   Because of the differences in the 
levels of visual noise employed, the individual target-identification data of HOPE-II 
and HOPE-MI are not strictly comparable, but performance in target identifications with 
simultaneous presentation of code-lock problems gradually approached that obtained 
without code-lock probelms as both groups gained additional practice. 

An indication of the consistency of the trends for individual subjects is given in 
the data of table 6 where there are listed the rank-order coefficients of correlation (rho's) 
between the individual subjects's means of daily performance measures and the days of 
the study.   The time measures for the probability-monitoring and warning-lights tasks were 
converted to speed measures so that the interpretation of positive and negative rho's 
would be consistent over tasks.   Thus, a positive correlation represents an improvement 
with continuation of the study; a negative correlation represents decrements in perform- 
ance. 

Of the 66 coefficients (rho's) reported for OPN-360, 50 are significantly different 
from zero; of these 50 significant rho's, 45 are negative and indicate that the associated 
performances decreased with time.   All 5 of the significant, positive rho's occurred among 
3 of the 6 subjects in Crew B, and 12 of the 16 non-significant rho's occurred among the 
members of the same crew. 

Twenty-five of the 54 coefficients reported for HOPE-II were statistically signifi- 
cant, and of these 25, 18 indicated decrements in performance and 7 indicated improve- 
ments.   There were no significant trends evidenced in the data of the individual responses 
to the target identification task; this is not surprising, inasmuch as different levels of 
visual noise were used during the three 5-day blocks of experimentation and the individual 
subject's level of noise was changed from day to day.   Of the 30 coefficients for the 
passive tasks (auditory vigilance, probability monitoring, and warning-lights monitoring) 
17 negative correlations were significant; there were no significant positive correlations. 
Thus, performance appears to have declined generally on these passive tasks.   However, 
of the 12 coefficients for the active arithmetic-computation task (6 with and 6 without 
the code-lock task) only one significant rho was negative; the remaining 7 significant 
rho's were positive and represent improvements in performance.   Two of the 6 subjects 
(nos. 3 and 5) showed significant decrements only in auditory vigilance, and either no 
changes or improvements on the other tasks. 

There are 90 rho's for HOPE-III based on the performance of 10 crewmembers on 
each of the 9 individual-performance measures.   Of these 90, 63 are statistically sig- 
nificant; of these 63 significant coefficients, only 5 are negative.   Three of these neg- 
ative correlations occurred in auditory vigilance.   The remaining two occurred with one 
subject on both conditions of the target-identification task; that subject was also one of 
the three who showed a decrement in auditory vigilance. 

Within-Day Trends - The evaluation of the presence and nature of diurnal variations 
in the individual performance tasks was based on data combined over 5-day blocks of the 
experiment.   To take HOPE-II as an example, the performance data for corresponding 
2-hour periods of the day were combined for days 1 to 5 to yield a mean daily performance 
curve for each measure for the first five days of the study.   Mean daily curves for days 6 
to 10, and days 11 to 15, were derived in the same manner.   The within-day data of 
OPN-360 ana HOPE-III were handled the same way, except that there were six 5-day 
blocks in HOPE-III. 

Friedman's test was used to test the statistical significance of the observed differ- 
ences among the within-day means for each of the mean 5-day curves and for the entire 
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Table 6 

Rank-Order Coefficient of Correlation (Rho) of Each Subject's Daily Performance 
with Days of the Studies 

Pe rformance Task and Measure 
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1A -.96 -.98 -.96 -.73 -.93 -.84 n.a. n.a. n.a. 
2A -.84 -.90 -.87 -.94 -.93 -.94 n.a. n.a. n.a. 
3A -.94 -.59 -.78 (-.11) (-.30) -.52 n.a. n.a. n.a. 
4A -.50 -.78 -.85 (-.34) (-.25) -.48 n.a. n.a. n.a. 

* 5A -.88 -.90 -.88 -.86 -.78 -.96 n.a. n.a. n.a. 
o 

1B -.96 -.84 -.93 -.68 (+.09) (+.38) n.a. n.a. n.a. 
i 2B -.92 -.52 -.55 + .64 + .53 -.87 n.a. n.a. n.a. 

Z 
a. 3B -.91 (-.28) -.50 -.59 -.57 (-.04) n.a. n.a. n.a. 
o 4B -.63 (-.19) (-.30) + .78 + .50 -.83 n.a. n.a. n.a. 

5B -.50 (-.04) (+.06) (+.21) (+.08) (+.10) n.a. n.a. n.a. 
6B -.96 -.54 -.75 + .60 (+.34) -.51 n.a. n.a. n.a. 

1 -.95 -.86 -.83 (-.19) -.70 (+.03) + .68 (-.05) (+.09) 
■it 2 -.85 -.66 -.70 -.49 (+.31) + .50 + .70 (-.31) (+.08) 
""7 3 -.74 (-.07) (+.11) (+.25) (+.38) (-.02) + .58 (-.01) (+.37) 
LU 4 -.63 -.85 -.74 -.56 (+.30) -.46 (-•15) (-.24) (+.02) 
0 5 -.49 (+.20) (+.20) (-.31) (-.03) + .59 + .71 (-.16) (+.18) 
r 6 -.88 -.74 -.79 (-.24) (-.08) (+.23) + .62 (+.02) (+.02) 

1A +.32 (+.25) + .39 + .57 + .81 + .74 + .83 (+.23) + .48 
3A + .38 + .51 + .43 (+.20) + .48 + .66 + .70 (-.02) (+.26) 
5A + .41 + .47 + .62 + .39 + .88 + .74 + .77 (+.22) + .33 

* % 7A + .48 + .58 + .94 + .58 + .77 + .48 + .48 (+.18) + .54 
9A + .72 + .51 + .70 + .55 + .72 + .52 + .68 (+.23) (+.28) 

J, 2B -.83 (+•29) + .69 + .55 + .74 + .82 + .76 (+.09) (-.01) 
£1- 

o 4B (+.24) + .56 + .89 + .41 + .79 + .78 + .85 (+.14) + .31 
r 6B -.48 + .56 + .87 + .46 (+.28) + .64 + .90 (+.03) (+.22) 

8B (+.10) (+.29) (+.24) (+.02) + .37 + .42 + .53 (+.oi) (+.04) 
10B -.59 + .38 (+.07) (-.02) + .44 (+.07) (+.22) -.40 -.53 

N.B. Parentheses are used to enclose non-significant values of rho. 

* N^= 15 in each case, so for a one-tailed test, rho = .44 is associated with 
P = .05, and rho = .62 is associated with £ = .01. 

1 2^ = 30, so for a one-tailed test, rho = .31 is associated with £ = .05, and 
rho = . 43 is associated with P = .01. 
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period of experimentation.   For the purpose of these analyses, which are summarized in 
table 7, a mean for each task was computed for each subject and each 2-hour period 
during which that subject was on duty.   Thus, there were 8 such duty periodi per day for 
the OPN-360and HOPE-ll subjects, and 6 periods per day for the HOPE-MI subjects. 
To take HOPE-ll as an example, the 8 duty periods were ranked from 1 to 8 for each sub- 
ject, and these ranks were then used in the computation of the Friedman statistic.    How- 
ever, because of the lack of meaningfulness of plots of the mean ranks thus obtained, the 
curves showing the within-day performance changes are based on rolling means of the raw 
data.   Unfortunately, the smoothing effect of the rolling-mean technique tends in some 
instances to obscure the significant trends revealed by the Friedman analysis (see figure 
24, days 1-5 for HOPE-ll). 

Attending first to the data of OPN-360, a significant within-day effect is seen to 
be present in all individual-performance measures when the scores are averaged over the 
entire 15-day period, and also in 10 of the 18 separate 5-day mean curves.   With the 
same 6 measures, on the other hand, only 1 significant within-day effect is present in 
HOPE-IM's data when averaged over the 15-day period (arithmetic computations without 
code lock); of the 18 separate 5-day mean curves of tasks that are common to HOPE-ll 
and OPN-360, 2 demonstrated significant within-day effects.   Four of the 18 correspond- 
ing curves are significant in the data of HOPE-III.   Thus, a simple count of the number 
of significant trends indicates that within-day changes in the individual-performance 
measures were greatest with OPN-360, least with HOPE-ll, and intermediate with HOPE- 
III.   The relative ordering of the latter two crews is attested to further by the fact that 
when the HOPE-ll data are compared with the first 15 days of the HOPE-III study, of the 
27 separate mean daily curves (3 blocks x 9 measures), 4 showed significant variation for 
HOPE-ll, whereas 8 were significant for HOPE-III. 

When scores were averaged over the entire period of experimentation, 3 of the 9 
measures showed significant within-day changes with the 15-day confinement of HOPE- 
ll, and 7 of the 9 showed significant within-day changes with the 30-day confinement of 
HOPE-III.    Where the variations in within-day performance were significant, shifts in 
the times of maximum performance from one 5-day block to another were somewhat 
apparent; these shifts,  like those identified in the psychophysiological measures, appear 
to have been much more consistent with the crews on the 4-2 schedule (especially with 
the OPN-360 crews) than with the 4-4 schedule (HOPE-III).   For example, in the per- 
centage of correct arithmetic computations without simultaneous presentation of code- 
lock problems (figure 24), the period of best performance for OPN-360 shifts from the 
late evening hours to the early morning hours, whereas this is not so clearly the case 
with either HOPE-ll or HOPE-III. 

PERFORMANCE MEASURES, GROUP TASKS 

As indicated earlier, two of the tasks in the battery were crew or group-performance 
tasks.   One of these two tasks, code-lock solving, can be scored only as a group task, 
whereas the other, target identification, can be scored in terms of both individual and 
group-dependent performances.   The individual-performance aspects of the target-iden- 
tification task have been reported in the preceding section.   The group-performance 
aspects, the "commander's final decision," will be reported in this section along with 
the code-lock task. 

Target Identification; Commander's Final Decision - The mean percentages of cor- 
rect final decisions made by the HOPE-ll and HOPE-III crew commanders in target iden- 
tification are presented in figures 26, 27 and 28.   As was the case with individually 
scored target identifications, between-day trends over the 15-day or 30-day periods are 
not too meaningful because of the 3 different visual-noise conditions employed during 
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the three 5-day blocks of experimentation. (The noise levels listed in figures 17, 18, 19, 
26, 27, and 28 are weighted arithmetic means of the percentages associated with the high 
and the low noise levels for the specified 5-day blocks.) 

Two things are immediately apparent in comparing individual performance with 
group performance (the commander's group decision) with respect to the average number 
of correct responses for both HOPE-11 and HOPE-MI (figure 17 versus figures 26 for HOPE- 
II, and figures 18 and 19 versus 27 and 28 for HOPE-HI).   First, the level of performance 
achieved by the commander in making the group decision generally exceeded the average 
level for the individual responses.   Second, the differences in the performance of this 
task with code-lock as compared to its performance without code-lock is smaller for group 
performance than for individual performance. 

Perhaps of greater interest are the decision methods apparently used by the command- 
er in both studies as inferred by the experimenters from their observations of the patterns of 
responding displayed at the experimenter's station.   All the commanders seemed to behave 
in the same general way.   When the commander was one of the two crewmembers assigned 
the lower level of visual noise on a given day, he would typically enter his individual 
judgment as the group decision without regard to the responses of the other crewmembers 
and often made this final entry before all of the others had responded.   Occasionally, 
when certain of the crewmembers was assigned the lower noise level, the commander 
would wait until that crewmember responded before entering his final decision.    If their 
individual responses were not in agreement, the commander would often call over the 
intercom to the crewmember in question requesting a "level of confidence."   If the reply 
indicated a level of confidence that approached certainty, the commander might enter 
that crewmember's answer as the group decision (depending, apparently, on his own level 
of confidence with regard to his individual judgment). 

When the commander was one of the crewmembers assigned the higher noise level, 
he generally entered as the group decision the judgment of the two men assigned the 
lower noise if they agreed; the use of this approach by the commander was especially 
noticeable when the two noise levels differed greatly.    When the noise levels did not 
differ much, the commander would be likely to enter his own individual judgment as the 
group decision,  especially if his individual response agreed with that of certain other 
crewmembers. 

Thus, when the high level of noise was relatively more severe than the low level, 
the individual responses of the crewmembers assigned the higher level tended to be gen- 
erally ignored by the crew commander.    Likewise, the decisions of some of the crew- 
members were ignored nearly all of the time, even when they were assigned the lower 
noise level.   Since the individual crewmembers were informed as to the commander's 
group response through cue lights, a given subject would know that his response was 
being completely ignored when the commander entered a final response before that spe- 
cific subject had responded and, of course, he would always know when the commander 
disagreed with his response. 

Code-Lock Solving - Mean time per response, mean percentage of erroneous 
responses (i.e., responses made out of sequence), and the mean number of code-lock 
problems solved per minute were the three principal criteria used to evaluate perform- 
ance on the code-lock task.   Each of these criteria was scored separately for performance 
of the task with simultaneous presentations (a) of arithmetic-computation problems, (b) of 
target-identification problems, and (c) of the monitoring and vigilance tasks only. 

Also, since the subjects were required to re-enter their solutions following a 30- 
second delay after solving the problem, all criterion measures were analyzed separately 
for the "first solutions, " the "second solutions," and the "composite" or total of both 
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solutions combined.   The short-term memory required to make rapid and errorless second 
solutions was expected to be especially sensitive to diurnal variations, and it was feared 
that use of the composite score without verification of its sensitivity might lead to loss of 
some sensitivity.   However, separate ar.al^ies of variance carried out on each of the three 
scoring techniques yielded essentially identical results for each of the main effects and 
the interactions.   Accordingly, only the data of the composite scores are presented here, 
these having been selected for use over either the firs'-solution or the second-solution 
data because they alone include all the code-lock data. 

A word of explanation might be in order concerning the use of the three criteria 
selected: mean time per response, mean percentage of erroneous responses, and mean 
number of code-lock problems solved per minute.    In an earlier study (Alluisi,  Hall, and 
Chiles, ref. 5), the results obtained in code-lock solving with 5 information measures of 
performance were factor analyzed.   The analysis (see ref. 5, table 16, page 37) indicated 
that two measures could be used to represent all the informational data collected with the 
code-lock task.   These two measures were identified as the relative information rate while 
responding, R(respdg), and the equivocation rate while responding, E(respdg).   Accord- 
ingly, both measures were computed from the data of HOPE-II, but they appeared, on in- 
spection, to be quite highly correlated with the two criteria already selected for use — 
the more easily interpreted criteria of latency (mean time per response) and errors (mean 
percentage of erroneous responses). 

In order to verify this observation, and to obtain a better understanding of the re- 
lations among the measures of code-lock solving, another factor analysis was computed. 
Intercorrelations were computed among the 5 measures of (a) mean time per response, 
(b) mean percentage of erroneous responses,   (c) R(respdg),  (d) E(respdg), and (e) the 
mean number of code-lock problems solved per minute — this last'measure being also a 
linear transformation of the information measure of the relative information rate per 
period, R(perlod), as defined previously (see Alluisi,  Hall, and Chiles, ref. 5, pp. 29-30), 
In addition to its being fairly easy to interpret (with "instantaneous" responses the subjects 
could at best solve only 2 code-lock problems per minute because of the built-in 30- 
second delay between successive problems),  this last measure has the advantage of being 
essentially identical in its previous factor loadings to the two remaining information meas- 
ures excluded from the current analysis (rate of information transmission per period, and 
rate of information transmission while responding; cf. Alluisi,  Hall, and Chiles, ref. 5, 
page"!?/]'!    For these reasons it was included In the current analysis. 

The intercorrelations were computed from the data of HOPE-II; 45 points were used 
for each correlation,  these being the data obtained on each of the 15 days under each of 
the three conditions of responding.   The intercorrelations,  rotated factor loadings, re- 
siduals, and communalities resulting from this analysis are presented in table 8.    It is 
apparent that there are two multiple-group factors, J_and J_!_.   Factor J_will be identified 
as speed; it has a high negative loading associated with the mean time per response, or 
latency, and a high positive loading associated with the equivocation rate while re- 
sponding.   Factor Jj_wiII be identified as accuracy; it has a high negative loading associ- 
ated with the mean percentage of erroneous responses, and a high positive loading associ- 
ated with the relative information rate while responding.   The remaining    fifth measure 
of performance included in the analysis, the mean number of code-lock problems solved 
per minute (or the relative information rate per period),  is equally loaded on Factors j_ 
and M_.   That is to say,  it is equally loaded on the speed and accuracy factors and con- 
stitutes, therefore, a composite measure of code-lock performance — a measure that 
combines speed and accuracy, and that does the combining equally well for these two 
pertinent aspects of performance. 
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Table 8 

Intel-correlations, Rotated Factor Loadings, Residuals, and Communalities of 
Five Measures of Performance in Code-Lock Solving* 

Rotated 
Factor Loading Measure 

Code 
Number Measure (in Code Number) 

1 I II 

Mean Time per Code- 
Lock Response 

Equivocation Rate Miile 
Responding 

Mean Number of Code- 
Lock Problems Solved 
per Minute 

Relative Information 
Rate While Responding 

Mean Percentage of 
Erroneous Code-Lock 
Responses  

(970)    -005     -052     -010     -041 

-980     (992)      050       001       042 

-942      910     (912)    -010       053 

-651       571       818      (992)      001 

-90 -40 

95 30 

70 65 

30 95 

544    -466     -707     -890     (872)  -25 -90 

*      Figures in lower-left half of matrix are intercorrelations; those in the upper-right 
half are residuals.   Communal ities are given in parentheses on the diagonal; these 
are consistent with the reliabilities reported previously (see Alluisi, Hall, and 
Chiles, ref. 5, table 3, p. 7).   For ease of reading, the decimal point that should 
precede each entry in the table has been omitted. 

The mean percentages of erroneous responses under the three different response con- 
ditions (i.e., with simultaneous presentation of arithmetic computations, of target identi- 
fication, and of the monitoring and vigilance tasks only) are presented in figures 29 and 
30 for HOPE-II and HOPE-MI, respectively.   The comparable data for mean time per code- 
lock response under the same three response conditions are presented in figures 31 and 32, 
and the data for mean number of code-lock problems solved per minute are given in fig- 
ures 33 and 34.   Summaries of analyses of variance of these data are given in tables 9 and 
10 for HOPE-II and HOPE-II I, respectively. 

In the case of HOPE-II, 3 primary variables were examined in each analysis: re- 
sponse conditions, days of experimentation, and the 2-hour performance periods within a 
day.   (It should be noted, incidentally, that differences in time/response among the re- 
sponse conditions are presumably a function of differential time-sharing requirements im- 
posed by the simultaneously performed tasks; differences among the response conditions 
with the other two criteria would presumably arise because of these time-sharing require- 
ments.)   It is apparent from the data of table 9 that all three of the major variables pro- 
duced significant differences in performance of code-lock solving with all three criteria 
of performance.   In addition, all first-order interactions were significant in the cases of 
mean time/response and mean numbers of problems solved/minute, but only the inter- 
action of response conditions with days of experimentation was significant with the error 
criterion. 
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Since two different crews were used in HOPE-III, teams of subjects constituted a 
dimension of random variation in the analysis of the HOPE-III data.   Also, the alternation 
of crews on duty according to the 4-4 schedule used in HOPE-III precluded the making of 
any straight-forward interpretation of an hours-within-days effect, and, therefore, this 
effect was not included in the analysis.   The analysis of the HOPE-ill data (table 10) in- 
dicated that with respect to the latency measure and the composite (number of problems 
solved/minute), significant differences were obtained for both major dimenrions and all 
interactions.   With the erroneous-response criterion, on the other hand, only the differ- 
ences in perforir .nee among the response conditions were significant, along with the in- 
teraction of subject teams with the days of experimentation. 

The appropriate figures, in conjunction with the data of tables 9 and 10, reveal the 
following general results on the code-lock task: (a) The highest mean percentages of erro- 
neous responses were made under the response condition Involving simultaneous presenta- 
tion of target identification; the lowest were made under the condition involving simul- 
taneous presentation of monitoring and vigilance tasks alone (figures 29 and 30). (b) These 
differences were greater with HOPE-I! than with HOPE-III, as were also the day-to-day 
fluctuations in errors,   (c) As confinement and practice continued, the performance of the 
HOPE-III crews improved to a significant extent with the time criterion (figure 32), but 
not so greatly, or perhaps not at all, with the error criterion (figures 30); the composite 
score of problems solved/minute (figure 34) indicates HOPE-III continued to improve on 
code-lock solving with simultaneous presentation of the two active tasks (arithmetic com- 
putations and target identification), but not (after the tenth day) with concurrently pre- 
sented monitoring and vigilance alone,   (d) There was a significant increase in the num- 
ber of errors over days for HOPE-II, as well as a significant slowing of the rate of respond- 
ing; this is perhaps best illustrated In the composite speed-and-accuracy scoring provided 
by the criterion of number of problems solved/minute (figure 33), where general downward 
trends are evidenced for HOPE-II under all three response conditions,   (e) The subjects 
of HOPE-II showed significant variations In their wlthin-dcy performance with all three 
criterion measures; (but these variations were small in magnitude).   The changes In within- 
day performance for the HOPE-III crews were not subjected to a statistical analysis, but 
they appear to be relatively minor. 

DISCUSSION 

The evaluation of the results of HOPE-II and HOPE-III, as well as their relation to 
the earlier 15-day study, Operation-360 (OPN-360), should take account of several im- 
portant differences in the studies other than the major parameters that were deliberately 
manipulated.   For example, there were three differences between the first and second 
crews tested in the OPN-360: (a) The first crew contained only 5 subjects, whereas the 
second contained 6.   (b) The second crew had approximately 1 hour additional per day 
available for sleep because they were permitted to eat their meals during the low-per- 
formance portion of their duty period, whereas the first crew had to eat all their meals 
during off-duty time.   The third, and perhaps most important difference between the two 
crews of OPN-360, was that   (c) the second crew had volunteered for the study, whereas 
the first crew had been the only group "available to volunteer." 

There were likewise three major differences between the OPN-360 and the HOPE- 
II and HOPE-III studies.   First, in the latter two studies, the subjects were required to 
perform two group interaction tasks, whereas such tasks had not been represented in the 
earlier OPN-360 studies.   Second, each subject volunteered as an individual to serve in 
the later studies, presumably without the kind of social-pressure phenomena that might 
have existed in the regularly constituted groups that were being asked to volunteer as 
units to serve in OPN-360.   Third, and finally, the HOPE-II and HOPE-III subjects were 
asked to attempt to minimize the previously demonstrated diurnal performance effects. 
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The subjects of all three studies differed on two additional points.   First, the age 
ranges differed: the ages ranged from 26 to 43 years for both crews in OPN-360; they 
ranged from 19 to 22 years in HOPE-II, and from 23 to 26 years in HOPE-III.   the second 
difference has been inferred and relates to the motivational continuum.   The subjects in 
all three experiments are assumed to have regarded the studies equally with respect to 
their value to the Air Force, and therefore, this source of motivation is assumed to be 
about equal over all groups.   Because of the age differentials, however, the subjects of 
HOPE-II and HOPE-III can be assumed to have regarded the experiments as having a 
greater potential impact on their Air Force careers than the subjects of OPN-360.   Also, 
the group-performance tasks presented during HOPE-II and HOPE-III can be assumed to 
have provided some social facilitation to performance, i.e., these tasks probably have an 
incremental effect on motivation by the stimulation of interest as well as the stimulation 
of possible group pressures "to stay with it." 

For all these reasons, and especially because they had volunteered as individuals, 
the HOPE-II and HOPE-III groups were assumed to have additional sources of motivation 
beyond those of OPN-360.   Finally, the subjects of HOPE-II (who came from the Air 
Force Academy) exhibited an esprit de corp   and a desire to succeed on behalf of the 
Academy that was not likely to be present for the subjects in the other experiments.   Thus, 
it is generally likely that the HOPE-II subjects had the highest level of motivation, the 
HOPE-MI subjects had the next highest level, and subjects of OPN-360 had the next 
highest level.   However, it should be emphasized that this is strictly a relative question 
and should not be construed as a suggestion that the motivation of the subjects in OPN- 
360 was poor.   There were many observational indications that the motivational element 
common to all groups, that the study "is of value to the Air Force," is a potent moti- 
vational factor among dedicated military subjects such as those who served in these studies. 

Another important difference between the HOPE-II crew and the crews of subjects 
used in the other two studies may account partially for the differences in the trends of the 
psychophysiological measures across the days of the experiments.   Considering the specific 
trends, the crews in OPN-360 apparently started off at a relatively high level of psycho- 
physiological activation (primarily as evidenced by their high pulse rates) and then the 
level gradually lowered through the tenth day.   As reflected in table 3, this was less pro- 
nounced for the second crew in OPN-360 than for the first, presumably because the sec- 
ond crew knew that a group of subjects had already successfully completed what they were 
being asked to do. 

In contrast, the HOPE-II subjects started out at a relatively low level of activation 
which gradually increased over the course of the confinement period.   The interpretation 
of this over-all   (though not significant) increase in pulse rate with the HOPE-II crew 
must take account of the known adaptation effects that result when individuals accli- 
matized to a higher altitude move to a lower altitude.     Specifically,   immediate   low- 
ering of pulse rate   should be expected to occur when Academy cadets are shifted from 
the Air Force Academy (about 7000 feet Mean Sea Level) to the higher partial pressure of 
oxygen at Marietta, Georgia (about 1000 feet Mean Sea Level) as they were in HOPE-II, 
(ref. 7). 

Thus, it may well be that this increase in pulse rate over the first few days was a 
function of homeostatic adjustment to the atmospheric conditions rather than a reflection 
of an increasing level of activation.   This would appear to be the most reasonable ex- 
planation for the difference between the psychophysiological trends exhibited by the 
crews in OPN-360 (who came from an altitude of about 1000 feet)and the HOPE-II crew. 
The generally decreasing pulse rates of the HOPE-III subjects indirectly add weight to 
this notion; those subjects came from altitudes more like that to which the subjects in 
OPN-360 were accustomed (about 3000 feet for the Able crew, and 1000 feet for the 
Baker crew). 
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The subjects in all three studies showed similar, very marked diurnal variations in 
the psychophysiological measures.   The stability of the measures over studies, as well as 
within studies, suggests that the measures are independent of (a) the differences in the 
work-rest schedules used, (b) the presence or absence of the group-performance tasks, 
(c) specific knowledge of and instructions about the presumed existence of such diurnal 
variations, (d) whether the measures are obtained by the experimenter or by the subject 
himself, and (e) the differences in the subject populations sampled.   However, there is 
evidence in the HOPE-III data that when the period of confinement is extended beyond 
25 days the magnitude of these within-day fluctuations decreases.   Specifically, the 
within-day variations for the final 5 days of the HOPE-III study were not significant, 
whereas those for the immediately preceding five days were.   This slow rate of adaptation 
is expected from previous data concerning the psychophysiological effects of atypical 
sleep-wakefulness schedules (ref. 6, pp 12-15 and 20-22).   Unfortunately, we do not 
have data directly relevant to whether or not the observed flattening of the within-day 
curves is dependent on the specific (4-4) schedule used. 

The 4-hour shift in the period of daily maximum activation shown by the subjects 
in OPN-360 was also found in HOPE-II.    However, as noted earlier, the HOPE-III sub- 
jects did not show this magnitude of shift over the first 15 days.   Specifically, in the 
case of pulse rate they showed at most a 2-hour shift over days 1-15 and then returned to 
their original peak hour by the final 5 days (days 26-30).    In the case of axillary temper- 
ature, the HOPE-III subjects shifted 2 hours during days 1-15 and then another 2 hours 
during days 16-30.   The only readily available explanation (other than chance) for the 
lack of consistency between pulse rate and axillary temperature for HOPE-III, would be 
some idiosyncratic characteristic of the 4-4 schedule as compared to the 4-2 schedule. 
One could argue, though the supporting evidence is not available, that the shift is pri- 
marily a product of some progressive or accumulative effect of the mild degree of sleep 
deprivation produced by the 4-2 schedule.   The contribution of such an argument is per- 
haps limited to its heuristic value.   The possible implications for psychophysiological 
theory of considering the lack of consistency between the pulse rate and axillary tem- 
perature for HOPE-III to be other than chance are rather profound. 

Turning to the performance measures, a rather unclear picture emerges in trying to 
relate the between-days effects for performance and the between-days effects for the 
psychophysiological measures.   The subjects in OPN-360 showed a declining activation 
level and, with the exception of two subjects, also showed declining levels of perform- 
ance.   The HOPE-III subjects showed the declining activation level, but with the ex- 
ception of the auditory-vigilance task and one subject's performance on two other tasks, 
they showed an increasing level of performance over the duration of the study.   The 
HOPE-II subjects showed an increasing activation level, but a decreasing level of per- 
formance on auditory vigilance, probability monitoring, and code-lock solving.   As 
noted earlier,  it is not clear that the changes in the psychophysiological measures of 
HOPE-II should be interpreted as changes in activation level; even if this is the correct 
interpretation, however,  it could still be that the impact of the 4-2 schedule is so great, 
the subjects are unable to hold their own on these three tasks in spite of the increased 
activation level. 

In the OPN-360, the subjects had shown well defined diurnal variations on most of 
the performance tasks; these variations appeared to keep pace closely with the psycho- 
physiological variations.   This was the reason that special instructions were given to both 
HOPE-II and HOPE-III to attempt to eliminate such performance variations.   The HOPE- 
II subjects were amazingly successful in preventing such diurnal cycling.    Of the tasks 
that were comparable to those performed in OPN-360, only the arithmetic task (during 
the first 5 days and averaged for the 15 days) showed significant within-day variations; 
furthermore, the magnitude of these effects (though significant at the .05 and .025 levels, 
respectively) were very minor as compared with the data of OPN-360. 
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The instructions for HOPE-III, as compared with those for HOPE-II, did not place 
quite as much emphasis on the avoidance of cycling.   This may partially explain why the 
HOPE-III data showed significant diurnal performance effects during one or more five- 
day periods on all tasks, and significance on all except the probability-monitoring (per- 
centage correct) and green warning-lights tasks for the 30-day averages.   However, it 
is important to note that with the "exception of the arithmetic task the performance of the 
HOPE-III subjects equaled or was superior to that of the HOPE-II subjects at all times. 
Thus, in terms of system readiness, the HOPE-III system was at a higher level of prepared- 
ness than was the HOPE-II system, generally, even though the HOPE-III system showed 
somewhat greater variability. 

Another point of importance in considering the presence of diurnal cycling in per- 
formance is the relation of such cycles to the effective workload placed on the operator. 
The portion of the task program that places the greatest demands on the subject is probably 
the 15-minute period during which the arithmetic and code-lock tasks are performed simul- 
taneously along with the monitoring and vigilance tasks.   The subjects were presented a 
new arithmetic problem every 20 seconds; except for the 30-second delays tetween the 
first and second solutions and between successive code-lock problems, the subjects would 
have to respond continuously on the code-lock task if they were to minimize the solution 
time. 

However, the natures of these two tasks precluded their being performed simultane- 
ously in the literal sense.    Rather,  in order to optimize performance during this high load 
period, the subjects had to complete their arithmetic problems as rapidly as possible and 
then they had to spend the remainder of the 20-second period working on the current code- 
lock problem.   During the first few days of the HOPE-II and HOPE-III studies, the subjects 
had to brush up on their elementary arithmetic in order to minimize the time required to 
complete each individual problem.   The subjects who tended to be slower on the arithme- 
tic task were under particular pressure to speed up, since the code-lock problems could not 
be pursued effectively unless all subjects were available to respond.   Because of this it 
was apparent that the highest effective workload placed on the subjects came during these 
early days of the studies when arithmetic and code-lock were presented together.    Inspec- 
tion of figures 16 and 25 suggests that performance during these periods of high effective 
workload was sensitive to the diurnal cycling of alertness.   This inference is supported 
further by the fact that the arithmetic task, when performed without simultaneous code- 
lock solving, did not show diurnal cycling of performance to any appreciable degree (see 
figures 15 and 24). 

The impact of these first few days was compounded by the fact that this was a period 
of adjustment to the unusual work/rest schedule — a period that typically results in at 
least some loss of sleep.   Taken together, these considerations suggest that the effects of 
performance demands which approach the overload point will depend upon the location of 
that period on the diurnal-performance curve.   At this time, the parameters of this curve 
can probably be estimated best from the curves of the psychophysiological measures, since, 
where performance cycling does occur, it appears to parallel rather closely the psycho- 
physiological cycling. 

The major differences among the studies, in terms of the impact on the individual 
subjects, are revealed in the individuals'   between-day trends in performance.   Three of 
the five subjects in the first OPN-360 crew showed decrements on all tasks, and the other 
two subjects showed decrements on all but the two warning-lights tasks (actually, they 
showed decrements here too, but the correlations were not significant).   Four of the six 
subjects in the second OPN-360 crew showed decrements on most tasks; of the remaining 
two subjects, one showed decrements only on auditory vigilance and arithmetic, and one 
on auditory vigilance only.   The difference between the results for these two crews was 
presumably produced primarily by the fact that the second crew had approximately 1 hour 
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additionally available for sleep each day; a possible second reason for their better perform- 
ance may have derived from their presumably different reactions to the situation because 
(a) they were volunteers and (b) they knew of the previous, successful completion of the 
study by the first crew. 

Two of the six subjects in HOPE-II showed significant decrements on only one task 
(auditory vigilance); one subject showed significant decrements on only two tasks (aud- 
itory vigilance and both measures of probability monitoring); two subjects showed decre- 
ments on three tasks and one subject showed decrements on four tasks.   Although the over- 
all pattern of performance for the HOPE-II crew and the second crew in OPN-360 was 
rather similar in the decrements shown over time, the average levels of performance of 
the HOPE-11 crew were somewhat superior. 

The HOPE-II crews experienced much less difficulty in remaining awake on duty; 
the most parsimonious explanation of this finding is that the group-performance tasks pre- 
vented gross deviations from alert performance.   That is to say, the code-lock task re- 
vealed to the remainder of the crew (and the target identification task revealed to the 
commander) whether or not a given individual was at least alert enough to do his part on 
these group tasks.   The pressures exerted by the group on the individual who tended to 
doze were abundantly evidenced.   These pressures probably also tended to maintain at a 
higher level the general alertness of the individual, and this should explain in part the 
general superiorly of the performance of the HOPE-II crew over that of the second OPN- 
360 crew. 

The HOPE-II I data present an entirely different picture.   These subjects showed 
essentially no performance decrements.   Specifically, three subjects showed significant 
decrements on auditory vigilance, and one of these three also showed decrements on the 
target-identification task under both conditions of presentation.    Rather than decrements, 
the general picture for the HOPE-lll subjects was one of improvements in performance 
over the course of 30 days.    In addition to showing improvements, these subjects were 
superior to the HOPE-II subjects on all except the arithmetic task. 

It seemed quite clear to the experimenters that the HOPE-II subjects were more 
highly motivated than those of HOPE-lll, and that if the groups were not equal in ability, 
then it was the HOPE-II group that held a slight advantage over HOPE-lll.   Therefore, 
the differences in the performance of the two groups is apparently a direct reflection of 
the relative impacts of the two work-rest schedules.    In other words, at least some highly 
motivated subjects are able to follow a 4-2 schedule without showing decrements; the 
extra 4 hours of performance per day, however, is achieved at a price.   That price is the 
inability of the subjects to sustain performance at the level generally maintained by a 
comparable group working only 12 hours per day on a 4-4 schedule.    Another possible 
component of the total price is being assessed in current studies; viz, the relative "per- 
formance reserves" of subjects on 4-2 versus 4-4 schedules when an additional stress (sleep 
deprivation) is imposed. 
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Figure 13.   Mean response latency (normalized scale) in detecting red 
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